The focus of the current study is to confirm the potential of chemically modified cyclodextrins (methyl-β-cyclodextrin (MβCD/Kleptose® Crysmeb), hydroxypropyl-β-cyclodextrin (HP-β-CD/Kleptose® HPB) and sulfobutylether-β-cyclodextrin (SBE-β-CD/Captisol®)) to improve the dissolution rate of zaleplon in oral delivery. Native and modified cyclodextrins were screened via phase solubility studies in order to select the most efficient cyclodextrin in formation of stable inclusion complexes. A L -type phase solubilization resulted from phase solubility diagrams of all cyclodextrin indicated a linear proportional relation between the solubility of zaleplon versus different CD concentrations. Complexation with crysmeb and HP-β-CD resulted in greater complexation constant values and higher percentage complexation efficiency values. Therefore these two cyclodextrins were selected for formulation development. Inclusion complexes of zaleplon:cyclodextrin solid dispersions were prepared using lyophilization and spray-drying techniques. DSC and XRD performance delineates the transformation of crystalline form of zaleplon to amorphous state. 1 HNMR studies confirm the presence of drug in the hydrophobic cavity of cyclodextrins and reveal the amorphous nature of the formulations. The stability studies of inclusion complexes for 60 days at 25°C/60 % RH and 40°C/75%RH resulted in low or no variations in the percentage of complexation efficiency suggesting good stability of molecular complexes. In conclusion, in vitro dissolution studies displayed an overall two-fold improvement in the dissolution rate compared to pure drug attributed to Crysmeb and HP-β-CD as suitable complexing agents in enhancing the solubility of zaleplon.
Introduction
Limited solubility of therapeutic entities is a great challenge for many formulators in the pharmaceutical industry. Most of the new chemical entities and existing drug molecules demonstrate poor solubility indicating less dissolution efficiency and in turn low bioavailability [1] . To enhance the aqueous solubility of lipophilic moieties formulation scientists have investigated myriad of traditional and novel approaches like salt formation, solid dispersions, eutectic mixtures, micronization, lipid drug delivery systems, colloidal delivery systems, hot melt extrusion, etc [2] [3] [4] [5] . Only few of the aforementioned strategies were scalableup resulting in a formulation with desired dissolution behavior. A well-recognized strategy in practice for more than a century is formation of inclusion complexes by molecular encapsulation in the hydrophobic cavity of cyclodextrins (CD). Numerous products in the market developed by pharmaceutical industries are using this technology [6] .
CD are (α-1,4)-linked oligosaccharides of α-D-glucopyranose with fairly spatial hydrophobic internal cavity responsible for non-covalent inclusion of suitable drug and hydrophilic exterior, imparting interactions with water triggering APIs so as to improve the solubility [7] . Among α, β and γ CD the most commonly considered into formulation technology are β-CD, as it results in dosage forms with improved dissolution efficiency [6] . Hampered aqueous solubility of native β-CD had given advantage for chemical modification by substitution with alkyl groups like methyl, hydroxypropyl and sulfobutyl ether resulting in enormous amplification in solubility with good safety profile [8] . Modified β-CD have gained wider applications in delivering the drugs (BCS class II and IV) via different routes of administration due to their increased solubilizing effect resulting in stable inclusion complexes and improved permeation across biological membranes [9, 10] .
Zaleplon, a BCS class II drug, has low bioavailability (<30%) with limited aqueous solubility (~0.1605 mg/mL) [11] . It is a pyrazolopyrimidine hypnotic drug prescribed for treatment and management of Insomnia. There is proven evidence of its therapeutic efficiency as a benzodiazepine due to GABA receptor interaction [12] . It is a potent anticonvulsant in pentylenetetrazole and electroshock induced convulsions. Encapsulation of zaleplon in pro-liposomes and self-emulsifying systems improved dissolution and consequently enhanced bioavailability [13, 14] .
The purpose of the present research is to increase zaleplon's solubility by formulating it as solid dispersions of molecular inclusion complexes with methyl-β-CD (Crysmeb) and hydroxypropyl-β-CD (HP-β-CD). Phase solubility studies are performed to determine the solubilizing propensity of zaleplon by βCD, Crysmeb, HP-β-CD and SBE-β-CD via inclusion complexes followed by their stability evaluation at 25°C/60% RH & 40°C/70% RH. Complexation constant (K 1:1 ) and complexation efficiency (CE) were calculated based on phase solubility curves. Lyophilization (Lyo) and spray drying (SD) techniques were investigated and optimized to obtain solid dispersions of zaleplon in CD solutions. In order to understand zaleplon's transformation from crystalline form to an amorphous state and the interaction of drug with CD's, solid state characterization studies were performed. In vitro dissolution studies were carried out to evaluate the ability of the optimal CD and solid dispersion preparation method to improve zaleplon's solubility by creating stable inclusion complexes.
Materials and Methods

Materials
Zaleplon was a generous gift sample from Maven Life Sciences Pvt. Ltd and Symed Labs, Hyderabad, India. Native β-cyclodextrin (βCD), Hydroxypropyl-β-cyclodextrin (HP-β-CD/Kleptose® HPB), Methyl-β-cyclodextrin (Kleptose ® Crysmeb) were provided by Roquette America, Inc. (Geneva,Illinois,USA). Sulfobutylether-β-cyclodextrin (SBE-β-CD/Captisol®) was provided from Cydex Inc. (Lenexa, Kansa, USA). All other chemicals and solvents used were of analytical grade and HPLC grade respectively. Deionized (D.I) water used throughout the experiments.
Methods
HPLC Analysis:
High performance liquid chromatography (HPLC) system (Waters, 1525) associated with an auto sampler (Waters, 717 plus) and equipped with a variable wavelength dual λ absorbance detector (Waters, 2487) used for quantification of zaleplon according to the established method [14] . 20µL of sample was isocratically eluted in mobile phase of aqueous solution and acetonitrile (45:55 v/v) at a flow rate of 1.0 mL/min through a Phenomenex, Luna, C18 (2) 100 R analytical column (4.6 mm x 150 mm, 5.0 µm) at 32°C. The column effluent was monitored at 232 nm. [15] . In brief, to 15 mL of CD solution excess amount of drug was added and then subjected to shaking at room temperature for a period of 7 days. Supernatant of these solutions were filtered through a 0.45µm filter membrane (Millipore, Billerica MA) prior to estimation of drug by HPLC. The obtained CD solutions with drug were exposed to 25°C/60% RH & 40°C/70% RH and evaluated for complexes stability for a period of 60 days. In addition of these solutions were lyophilized. Experiments were executed in triplicates.
The complexation constant (K 1:1 ) and complex efficiency (CE) were calculated from linear proportionality of phase solubility diagrams (Figure 1 ), according to equations (1) and (2) respectively. 
Concentration CD (M)
Where S 0 is the intrinsic solubility of drug in water and Slope is slope of the solubility curve
Preparation of CD solid dispersions
Solid dispersion by Lyophilization (Lyo): Based on phase solubility graphs an A L -type means that the complexation ratio CD: zaleplon is on 1:1 molar basis. Briefly, 0.45g zaleplon was dissolved separately in acetone and methanol and then added drop by drop to the aqueous solutions of Crysmeb (1.78g) and HP-β-CD (2.1g) respectively. The resulting clear solutions were frozen at -160°C under liquid nitrogen and subsequently dried at -45°C in a freeze dryer (Labconco, FreeZone 4.5, Kansas City, MO) under vacuum (pressure of 185 x10 -3 Mbar) in order to obtain a dry powder of CD solid dispersion formulations of zaleplon-crysmeb-lyophilised (Zal-Crys-Lyo) and zaleplon-HP-β-CD-lyophilised (Zal-HP-β-CD-Lyo).
Solid dispersion by Spray Drying (SD):
Spray drying technique is a very popular technique to prepare solid dispersions. The solutions of inclusion complexes (processed as above in freezedrying technique) were spray dried in a spray dryer (Buchi 190 mini sprayer, Switzerland) operated at a feed rate of 30% with inlet and outlet temperatures of 78°C and 55°C respectively. The airflow compressed at a rate of 600 L/h with 90% of aspirator. The resultant spray dried solid dispersions of zaleplon-crysmebspray dried (Zal-Crys-SD) and Zaleplon-HP-β-CD-spray dried (Zal-HP-β-CD-SD) formulations were evaluated for their solubilization efficiency.
Physical Mixture (PM): Zaleplon-crysmeb-physical mixture (Zal-Crys-PM) and Zaleplon-HP-β-CD-physical mixture (Zal-HP-β-CD-PM) were prepared for comparative study with respect to CD solid dispersions produced by lyophilization and spray drying. Equimolar quantities of drug and CD's were mixed in Turbula System Schats (Willy a. Bacheofen AG, Basel, Switzerland) to get drug: CD complex molar concentration 1mol:1mol as per phase solubility evaluation.
Drug content in solid dispersion powder:
To analyze the drug content in the resultant formulations (solid dispersions and physical mixtures), appropriate quantities were weighed (in triplicate) and then dissolved in mobile phase. The resulting solutions were vortexed and filtered through 0.45µm filter membrane (Millipore, USA). The clear solutions were injected into HPLC for drug quantification.
Solid State Characterization
Differential scanning calorimetry (DSC): CD solid dispersions, physical mixtures, Crysmeb, HP-β-CD and pure drug were assessed by DSC analysis on Perkin-Elmer Diamond (Shelton, CT) Differential scanning calorimeter calibrated with indium for melting point and heat of fusion in order to evaluate the crystalline nature of drug. Samples were accurately loaded into aluminum pans, sealed and heated at a temperature ranging from 30°C to 300°C with a constant nitrogen gas flow of 30 ml/min at a heating rate of 20°C /min. The peak area in melting endotherms of zaleplon from formulations and pure API gives the heat of fusion (ΔH) value, which further is used to describe the degree of crystallinity (D crys ) of drug measured by means of following equation (3) [16] .
Where ΔH F , ΔH D and 'f ' of equation (3) represents heat of fusion of drug in formulations (CD solid dispersions), heat of fusion of pure drug and fraction of drug contained in mixture respectively.
Powder X-ray Diffractometry (PXRD): X-ray diffractometer (Bruker D8-Focus XRD, Netherlands) reveals the PXRD patterns of pure drug, Crysmeb, HP-β-CD and CD solid dispersions. The samples were operated with a Cu anode tube over the interval of 5-70°/2θ at 40 kV voltage and 30 mA current. 10°/min scanning speed was constant throughout the process.
Proton nuclear magnetic resonance spectroscopy ( 1 HNMR):
To assess the interaction between the drug and CD, 1 HNMR spectra of Zaleplon, Crysmeb, HP-β-CD and formulations were recorded with the aid of proton nuclear magnetic resonance spectroscopic studies on Brucker Ultraspec 400 MHz/100MHz spectrometer (Brucker Biospin Corporation, The Woodlands, TX, USA) operated with methanol as a solvent at a frequency of 300MHz.
In vitro dissolution study: To illustrate the effectiveness of cyclodextrins in enhancing the dissolution behavior of drug, CD solid dispersions (Zal-Crys-Lyo, Zal-Crys-SD, Zal-HP-β-CD-Lyo and Zal-HP-β-CD-SD), physical mixtures (Zal-Crys-PM and Zal-HP-β-CD-PM)) and pure drug were assessed by in vitro dissolution tests. The tests were run in triplicate using USP type II (paddle) apparatus (Hanson SR-8 plus, Hanson Research Corporation, Chatsworth, CA) in 500mL phosphate buffer saline (pH 6.75) dissolution medium maintained at 37±0.5°C temperature with paddle speed set at 75 rpm right through the study. Relevant quantities of formulations (CD solid dispersions and physical mixtures) and pure active equivalent to 5mg dose were placed into dissolution media. Aliquots of 5mL were withdrawn at preset time intervals followed by refilling with fresh media to retain fixed volume. Before the evaluation of drug by HPLC, the collected samples were filtered through 0.45µm filter membrane (Millipore, USA).
Dissolution parameters:
The percentage cumulative amount of drug released in 5 and 30 minutes (Q 5 and Q 30 respectively) were derived from the in vitro dissolution release profile. Dissolution efficiency (DE) was depicted from the area under dissolution curve illustrated by means of trapezoidal rule and represented as a percentage in the area of rectangle representing 100% dissolution in the same time. It is calculated by using the following equation (4): [17] .
Dissolution rate considered in first 15 minutes of dissolution was ensued as initial dissolution rate (IDR). IDR is calculated according to following equation (5): One more dissolution parameter is Mean dissolution time (MDT) which exemplifies the probable time taken for dissolving a molecule from solid dosage form. Hence, MDT is defined as the average time for the drug to dissolve under in vitro dissolution conditions. Equation (6) used to calculate MDT [18] :
Where j is the in vitro dissolution sample number, n defines number of sample time points, t j is the midpoint of the j th time period easily calculated with [t + (t−1)]/2 and ΔM j is the additional amount of drug dissolved between t j and t−1.
The sum of drug coming into bulk of dissolution media per unit time under in vitro dissolution conditions is defined as the mean dissolution rate (MDR). This is calculated by following equation (7) [18] :
Where ΔM j is the additional amount of drug dissolved between t j and t−1, n is the number of in vitro dissolution sample times, Δt the midpoint time between t j and t−1 which can be easily calculated with (t + t−1)/2.
The ratio of dissolution efficiencies of individual formulations (CD solid dispersions/ physical mixtures) to pure drug will demonstrate the relative dissolution rate (RDR) (equation 8) [19] . Stability Studies: The aliquots of phase solubility studies were placed in stability chambers at 25°C/60% RH and 40°C/75%RH for period of 60days. Samples were withdrawn at 0, 30 and 60 days from the study, processed and estimated for the content of drug by HPLC to predict the % CE with respect to 0 day CE. Where CD (Cyclodextrins); mM (Millimolar); S o (Solubility of zaleplon in water); S (Solubility of zaleplon in aqueous solutions of various CD's); S/S o (Solubility increase ratio); K 1:1 (Complexation constant); CE (Complexation Efficiency).
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Results and Discussion
Phase Solubility Studies
The intrinsic solubility of drug (S o ), its aqueous solubility in CD solutions along with K 1:1 and CE are reported in Table 1 .
The phase solubility studies results suggest the positive impact of CD's in augmenting (S/S 0 ) the aqueous solubility of zaleplon (0.1605±0.0014 mg/mL) ( Table 1 ). The phase solubility diagram (PSD) of zaleplon in CD solutions displays an A L -type graph with regression values closer to 1 in all cases pointing the linear proportional increment in the solubility of drug with increasing concentration of CD's ( Figure 1 ) [15] . The slope values less than unity in PSD attributed a first order complexation phenomenon indicating the equimolar (1mol:1mol) complexation between drug and CD [20] (Figure 1) . A solubility of 9 fold, 5 fold and 3 fold improvement with Crysmeb, HP-β-CD and SBE-β-CD respectively over a 2 fold rise in aqueous solubility of drug with native cyclodextrin (β-CD) is due to chemical modification of native CD [21] ( Table 1 ). The K 1:1 value is an experimental factor to characterize the performance variations of CD in improving the solubility of drug [6] . The chemical modification of native β-CD with smaller groups like methyl (Crysmeb) and hydroxyl propyl (HP-β-CD) had resulted with higher K 1:1 values of 157.55 and 93.38 respectively which perhaps owing to the larger cavity space with hydrophobic nature [9] (Table 1) . β-CD substituted with bulkier group like sulfobutyl ether (SBE-β-CD) have shown the least value of complexation constant (53.38) ensuring prospect of steric interaction and reduced hydrophobic factors between host and guest molecule obviating the inclusion of drug [6] . To overcome the sensitivity errors expected from PSD in determining the solubility, CE was estimated suitably for choosing appropriate CD for formulation development. The CE values of β-CD, Crysmeb, HP-β-CD and SBE-β-CD were ~0.046, 0.082, 0.049 and 0.026 respectively suggests that the stronger inclusion complexes are formed by Crysmeb and HP-β-CD.
Based on the results obtained from phase solubility studies, Crysmeb and HP-β-CD were selected as suitable CD's for formulation development due to their superior solubilizing capacity. Moreover, earlier reports suggests that the chemically modified beta cyclodextrins (Crysmeb and HP-β-CD) have greater applicability in development of oral solid dosage forms due to higher efficiency of complexation and lower toxicity over native β-cyclodextrin [22] .
Drug content analysis
The ranking of zaleplon solubilization in various CD solutions are as follows: Crysmeb>HP-β-CD> β-CD>SBE-β-CD stating the higher solubilizing effect of Crysmeb as reported earlier [23] . Freeze-drying and spray drying techniques were investigated in order to formulate solid dispersions of drug with Crysmeb and HP-β-CD. The drug content in all formulations is depicted in Table 2 . The values shown for solid dispersions were in correlation with the theoretical values whereas the deviation found in physical mixtures is perhaps a reflection of the drug loss during sieving.
Solid-State characterization
Although the increased solubility of drug via CD was because of complex formation, it is uncertain to claim the presence of drug in the hydrophobic core of CD's without any external interaction. DSC, 1 HNMR and XRD studies were performed to verify the formation of inclusion complexes.
DSC analysis is a method to exemplify interactions between drug and CD's in solid state [24] . DSC summary of zaleplon, crysmeb, HP-β-CD, physical mixtures and CD solid dispersions were illustrated in Figure 2 . A sharp melting peak at 188.22°C in thermogram of drug with 100% degree of crystallization (D crys ) value attributes to crystalline nature of zaleplon (Table 3) . Anhydrous form of Crysmeb was evident from thermogram with the melting peak at 127.30°C whereas a broad peak at 122.66°C in the thermogram of HP-β-CD clarifies amorphous state assigned due to water loss [6] . Physical mixtures with both CD's have shown a melting peak of drug displaced to lower temperatures (Zal-Crys-PM (182.18°C) and Zal-HP-β-CD-PM (184.30°C)) with slighter D crys values (Zal-Crys-PM (4.57) and Zal-HP-β-CD-PM (4.84)) addressing chemical interactions between drug and CD's during the complexation process [9] (Table 3) .
Lyophilized solid dispersions has displayed a peak within the melting transition of drug but the lower degree of crystallization values of 3.34 and 4.40 for Zal-Crys-Lyo and Zal-HP-β-CD-Lyo respectively explains the transformation of drug to amorphous state [21] (Table 3) . DSC profile of spray dried CD solid dispersions (Zal-Crys-SD and Zal-HP-β-CD-SD) exhibited no peak at drug melting point signifying the drug enclosed in cavity of CD to achieve inclusion complex and consequently amorphous Where ∆H dr (heat of fusion of pure drug); ∆H SD (heat of fusion of drug in solid dispersions/physical mixtures) and %D crys (% drug crystallinity). 
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state [20] (Figure 2 ). [20] . The common characteristics of diffraction peaks from physical mixture and pure drug reveal the presence of drug in crystalline state.
The quality and geometry of CD inclusion complexes can be extremely mediated by means of high sensitive NMR ( 1 HNMR) spectroscopy [25] . 1 HNMR spectra of pure drug exhibited a single proton (H-1) of methyl group on amide ring of phenyl ring at 1. The proton at H-3 and H-5 positions of Crysmeb (at 3.46 and 3.87) and HP-β-CD (at 3.57 and 3.82) delineates the internal cavity. There was a significant change in the position of protons at H-2, H-4 and H-5 of zaleplon in physical mixtures. Diffused proton peaks at H-1 and H-2 positions of drug in lyophilized and spray-dried formulations connote loss of crystalline nature of drug. The broad diffused peaks with unimportant shift in the position of H-3 and H-5 of Crysmeb and HP-β-CD in lyo and SD solid dispersions typifies the inclusion of guest molecule in the cavity of CD [26] . Our findings were in correlation with the earlier reports that have illustrated the penetration of lipophilic moieties into the cavity of CD through the brim on spacious side attributing to the chemical shifts in 1 HNMR spectra of H-3 and H-5 [27] . In contrary, only shift in either of protons (H-3/H-5) of Crysmeb and HP-β-CD protons denotes the inefficiency of complex development [28] .
In vitro Dissolution studies
Dissolution is an excellent tool to spot the exact purpose of CD in enhancing the zaleplon' s solubility . The cumulative drug release profiles of zaleplon, physical mixtures (Zal-Crys-PM and Zal-HP-β-CD-PM) and CD solid dispersion formulations (Zal-Crys-Lyo, Zal-Crys-SD, Zal-HP-β-CD-Lyo and Zal- HP-β-CD-SD) demonstrated the superior release of drug from lyo and SD formulations. This may be due to enhanced wettability influenced by complex formation and reduced drug crystallinity [21] (Figure 5 ). Increased Q 5 and Q 30 values for all formulations and physical mixtures over pure drug suggest CD's capacity to enhance the zaleplon's solubility (Table 4) . However, the release from of spray-dried formulations observed to be extremely higher (Zal-Crys-SD (101.97±6.41) and Zal-HP-β-CD-SD (97.18±4.21)) within 30 minutes. The higher release may be due to the formation of amorphous particulate powder with increased surface area. Both SD and Lyo solid dispersions resulted in elevated initial dissolution rate (IDR) over the pure drug (3.46±0.12) which may be due to the presence of stable amorphous complexes ( Table 4 ). The following factors might have individually or in combination improved the dissolution rate and efficiency of zaleplon; (1) CD surfactant behavior has an ameliorating impact on the dissolution of drug by impeding the interfacial tension between drug and dissolution medium; (2) formation of complexes will favor the solubility of drug (determined by phase solubility); (3) transformation of crystalline drug to amorphous complexes in solid state thus elevating the solubility of guest molecule; (4) higher stability of formed inclusion complexes by lyophilization and/or spray drying [29] . inclusion complexes instantaneously in dissolution media [6] ( Table 4) . Further, the rapid formation of inclusion complexes can be predicted from higher values of mean drug dissolution rate from all formulations with respect to drug alone. Physical mixtures have shown improved dissolution parameters due to tendency of CD to form in situ inclusion complexes in aqueous media. Overall, a 1.8 fold and 2.08 fold of enhancement in the dissolution of drug from lyophilized and spray dried complexes with Crysmeb and HP-β-CD reveals the ability of cyclodextrins in enhancing the dissolution rate of poorly soluble drug zaleplon.
Stability studies
The results obtained from stability studies are depicted in Figure  6 . There was no change in the CE values with respect to day 0 in the aqueous CD solutions of β-CD, Crysmeb and HP-β-CD by the end of 60 th day demonstrating the higher stability of inclusion complexes at 25°C and 40°C. The instability of inclusion complexes formed by SBE-β-CD attributes to the steric interactions between host and guest molecule along with deprived hydrophobic factors, which controls the penetration of lipophilic actives to spacious cavity of CD [30] .
Conclusion
The possibility of stable molecular inclusion complexes with β-CD, Crysmeb and HP-β-CD is attributed to the superior solubility of drug as per phase solubility studies. Solid dispersions processed by Lyo and SD technique have revealed formation of amorphous stable complexes with enhanced dissolution rate, which may further influence the bioavailability of zaleplon. Solid-state characterization studies confirmed the formation of amorphous powder formulations. The enhancement of drug dissolution efficiency from CD solid dispersions ensure Crysmeb and HP-β-CD ability as potential carries to enhance the oral delivery of zaleplon. However, further investigations in animal models are required to confirm the ability of these carriers to improve bioavailability of zaleplon.
